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© Satellite cellular telephone and data communication system. 



© A system for facilitating global ceilular/h-unked 
mobile communication is disclosed, This system 
permits communication witli iiand tield and mobile 
mounted cellular telepiiones. The system permits 
two-way communications anywhere on or above the 
earth up to a particular height above the earth of 
several hundred nautical miles. The system employs 
a number of low-earth orbiting satellites (1.2, etc.) 
moving about the earth in orbit, Links (i) are pro- 
C^ivided from the satellites directly to the users and via 
^ths pubiic switched telephone network (20) to other 
Ifj users (30). The satellites are interconnected via links 
eO(j) in a ring structure surrounding the earth. Switch- 
es ing is performed by each of the satellites. In addi- 
tOtion, each of the satellites hands off a call as it 
<0 moves out of the range of a particular user. 
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SATELLITE CELLULAR TELEPHONE AND DATA COMMUNICATION SYSTEM 



Background of flie InvenSon 

The present invenfion pertains to global mobile 
communications and nrore partlcailarly to a sateiiHe 
cellular telephone aid data communication system. 

Present geostationary satellite communication 
systems ^iow point-to-point communiration. That 
is, file satellite functions as a relay station or a 
"bent pipe". Tlie satetHte simply receives infomia- 
tion from one point on earth and transmits it to 
anoSier fixed point on earth. 

One such point-to-point satellite communication 
system is shown in U.S. Patent 4,720.873. This 
system shows point-to-point communications 
through a satellite for rretwork programming and 
advertising purposes. 

Some iiasic multiplexing ftmctiwis may be sup- 
plied within the sateiiites of a satelHt© communica- 
tion system. One such system is shown In U.S. 
Patent 4,480,328. This patent teaches a satellite 
communication system in vMch ihe sateilHs is a 
relay station for TDMA muifiplexed data. 

The above-mentioned systems and other sys- 
tems teach the use of a single satellite for commu- 
nications from one point to another. These satellite 
systems show no seiecSvity or switching of data 
among a plurality of users. 

Accordingly, it is an object of the present in- 
vention to provide a giob^ km-earth ortMting mul- 
ttple satsilite cellular communication system whicdi 
interfaces directly among a number of cellular tele- 
phione and data ^ansmisslwi equipped users and 
also interfaces tiese users to the (wblic switched 
teiephwie network (PSTN). 



Summary of the Invention 

In accomplishing the object of tiie present in- 
vention, a novel satellite cellule telephone and data 
communication system is shown. 

A satellite celiular telephone communication 
system establishes communication among a plural- 
ity of users. This communication system includes 
sateliite switches positioned in low-earth orbit. 
Wireless communication links couple the users to 
the satellite switches, The sateliite switches est^ 
iish a communication iink between selected ones of 
the users. 

Each user's present location is determined and 
the system is periodicaliy updated. Then the sat- 
ellites relay these locations to the proper ground- 
based data base for storage. When a mobile user 
places a call, the sateUite which is In his spatial 



vicinity bandies the call. When a mobile user is 
called, the satellite switches route the call through 
the appropriate satellites to the called user's cur- 
rent location. 08ier user-unique data may also be 
6 stored at these same data base storage sites. 



Brief Description of the Drawings 

10 

FIG. 1 is a layout digram depicting ttie 
satellite switching system configuration of the 
present invention. ■ 

RG. 2 is a btock diagram depicting the inser- 
ts connection of the sat^iite switching units with its 
association mobile users and interconnection to the 
public switched telephone network. 

FIG, 3 is a projection of the areas served by 
a plane of cellular satellite switches about the 
20 earth. 

FIG. 4 is a block diagram of a data base 
arrangement for a satellite cellular communication 
system. 

25 Description of the Prefenred Embodiment 



Referring to HQ. 1, a satellite configuration for 
the satellite cellular telephone commiBiication sys- 

30 tem Is shown, in this configuratltm, a number of 
satellites are shown in low-earth orbit. A number of 
satellites are ptacwJ in each orbiting plane. There 
are several ortMting planes (3 through 8) as shown 
which are highly inclined in nature and provide 

36 switdiing coverage for the entire earth. 

TWs satellite cellular strucUire is somewhat 
analogous to the present day cellular mcrf:^le tele- 
phone system. In tiiat system, cellular sites are 
fixed and users are modie. As a user travels from 

40 one celt site to another, his telephone c^l is hand- 
ed off from one cellula- switdiing unit to another. 

In the present invention, users are relatively 
fixed at any given time while tiie satellites, which 
are the cells, are in continuous movement With a 

4S hand-held or mobile mounted cellular teteF^one, 
connection to one of the satellite switehes shown in 
FIG. 1 is made directiy from tiie hand-held mobile 
mounted or remotely fixed telej^wne to one of the 
nearest sateliite switches. Each satellite is moving 

50 about the earth. As the satellite whidi originally 
acted as the switehing unit for a particular user 
leaves a cell of that switch, the user's call is 
"handed off" to the appropriate adjacent cell. Adja- 
cent cells may be cells within one satellite or cells 
of other satellites located dther in a particular 



orbiting piane or an adjacent orbiting plane. Users 
may "roam", but this roaming distance is reiattvely 
small compared to the traveling distance of the 
satellite switches. 

Similar to the cellular mobite telephone system, 
the satellite cellular communication system pro- 
vides spectral efficiency. This means that the same 
frequency may be simultaneously used by different 
satellite switches. Spectral efficiency is prowded by 
the ^afjal diversity between the sateliite svi^rtches 
and users. 

The users may be located anywhere on a land 
mass, on the water or in the air at an altitude le^ 
than that of the low-earth orbiting satellites. For 
example, a person on one land mass ccwid cati a 
person on another land mass, a person on a boat 
or a person in an aircraft. 

Low power hand-heid mobile mounted or fixed 
radio telephones may be used in this system. The 
power requirement is less than 10 watts with 
present technology. 

In this system, each satellite shown is a switch- 
ing unit. Current satellite communication systems 
act primarily as a relay station or "bent pipe". That 
is, they provide fixed point-to-point communica- 
tions. In the present invention, a switching function 
is provided within each of the orbiting satellites. 

As previously mentioned, each of the orbiting 
planes of satellites is highly inclined in the pre- 
ferred embodiment of the Invention. Orbiting sat- 
ellite planes with lower inclination are also work- 
able. However, the lower inclination requires more 
satellite switching units and/or higher orbiting al- 
titudes to achieve whole earth coverage than dc^s 
the highly inclined orbiting satellite configuration. 

In a preferred embodiment, highly inclined orbit 
configuration, It was found that satisfactory earth 
coverage could be accomplished with forty-eight 
(48) low earth orbiting satellites. These satellites 
could be arranged in six (6) highly inclined orbiting 
planes, eight (8) satellites per plane. Other configu- 
rations could be used. Other lower inclined orbiting 
arrangements would require substantially more sat- 
ellites in order to achieve the same coverage of the 
earth as highly inclined configuration. 

Each satellite contains a satellite switching unit, 
suitable antennas 11 (heiicai antennas for up/down 
links and lenses for cross links, for example) and 
an unfolding array of solar cells 12 along wifri 
storage batteries (not shown) connected to tie so- 
lar ceils to provide power for the switching unit. 
The satellite buses or vehicles themselves are low- 
earth orbiting satellites such.as those commercially 
available. The satellites are put into orbit by a 
launching vehicle. When in orbit, the solar ceil 
airay is opened and the switching unit thereby 
activated. The satellttas are thai individu^ly 
brought on iine via stand^d telemetry, tracking and 



control (TT&C) channels to form the network. 

As shown in FIG. 1, a user A with a hand-held 
telefrfione goes off-^iook. This request for a channel 
is rec^ved by a particular satellite 1 , as shown in 
s RG. 1 . A frequency channel is assigned to the user 
and frie caller's desired number is then routed 
through system. Each sat^lite is a distributed 
ioc^ processor and determines how switching of 
tie caii is to occur. Satellite 1 switches the call to 
TO ■ the appropriate ceil contained either within its own 
cell complement or to the appropriate satellite cell 
complement The path is determined by each sat- 
ellite switching unit umii the call is received by 
satellite 2. SatelUte 2 tien routes this call to the 
js parScular hand-h^d user B shown in FIG. 1 . 

Although two hartd-held users are shown, the 
users may be on the water, in a moving vehicle, 
fflitorne or part of a PSTN where the link is 
through a gateway. Eadi sateiHte is a iocai proces- 
so sor. The system determines to which appnDpriate 
satellite or cell the call is to be switched. Each 
satellite determines an optimal path from itself to 
the next appropriate satellite. These determirsations 
may be rnade based upon the office code portion 
25 of the telephone number of tie called usw. 

Each satellite typically may project four (4) or 
more lobes onto the earth and oont^n four (4) or 
more corresponding ceiis for switching. These 
lobes of coverage are adileved via antennas 
30 (heiicai typically) with fixed beam widtis appro- 
priate to the number of lobes. Overlapping ceiis will 
be differentiated using present cellular techniques. 
These areas or lobes are shown in FiQ. 3 for one 
particular plane of satellites about the earth. This 
35 figure depicts a high inclined orbiting satellite cel- 
lular switches. Each satellite determines the op- 
timal path from it to Hie n«ct satellite through whidi 
to route a particular call or data transmission. 
These satellite switches operate on data packets 
40 and therefore may transmit digital voice or data. 
Downlink and uplink daiaydigitai voice is received 
on an FDM basis demodulated and then packetized 
for satei!ite-to-satellite communication. 

FIG. 2 depicts the interconnection of a portion 
45 of one plane of satellites. In addition, the connec- 
tion of the satellite to the satellite's corresponding 
mobile users and to the public switched telephone 
network is shown. Three satellites are shown. Sat- 
ellite 40, Satellite 50 and Satellite 60. Sateliite 40 is 
so connected to Satellite 50 by link 1. Satellite 50 is 
connected to Satellite 60 by link i + 1. Satellite 60 is 
connected to the next sequential sateliite of the 
plane (not shown) via link 1 + 2. Sateliite 40 is 
connected to the next preceding satellite (not 
55 shown) via link i-1. Each plane of satellites forms a 
ring of connected satellites around the earth. 

As ixeviously mentioned, the drawing of FIG. 2 
shovra cwrse plane of ttie satellites, in addition, each 
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satellite is connected to one or more satellites in 
other orbiting planes. That is, each satellite is con- 
nected to a previous and next satellite in its or- 
biting plane and to one or more satellites in otiier 
orbiting planes. 

The intersatellite iinits link linlc i, etc. may 
be implemented via data transrTiisston on a micro- 
wave beam or via a iaser beam. Existing technol- 
ogies currently provide for such data transmission, 
Connection between the satellites and its mo- 
bile users is achieved by beams j-l , and j + 1 , for 
example. These beams correspond to the lobes 
shown in FIG. 3 and to the switching ceils men- 
tioned above. These beams are achieved via the 
satellite up/down lini< antennas which provide com- 
munication to users via the users omnidirectional 
antenna. The iimit on the number of users that a 
particular sateiiit© may handle at one time depends 
on bandwidth allocated plus power available on the 
satellite. Typically this number may be 50,000 us- 
ers per satellite, 

Satellite 40 is shown connected to a trunt? site 
or gateway 10 via beam Any satellite, such as 
Satellite 40, is capable of transmitting and receiving 
data from a gateway, such as gateway 10. This 
gateway link can be accomplished using the pac- 
ketized data similar to the satellite-to-satellite links. 

Gateway 10 includes units which interconnect 
to the public switched telephone network (PSTN) 
20. Ali public switched telephone network users 30 
are connected to the public switched telephone 
network 20, As a resuit of the satellite 40 being 
connected through gateway 10 to PSTN 20, a 
mobile user of the satellite cellular system which is 
connected directly via a beam to a satellite may 
transmit voice or data via Sie satellite structure 
(satei!tte-to-satellite via corresponding links), 
through gateway 10, through the public switched 
telephone network 20 to selected users of the 
PSTN 30 or vice versa. 

Each satellite provides several data transmis- 
sion beams. These data transmission beams pro- 
ject the lobes of coverage shown in FIG. 3 which 
depicts four beams. Each satellite projects four 
such lobes. As shown in FIG, 2, a satellite may use 
one or more of its beams to provide interface to a 
gateway. At least one beam is required for estab- 
lishing a link between each gateway and the sat- 
ellite. Typicaily a satellite links to only one gate- 
way. One gateway provides sufficient trunidng to 
interconnect a number of mobile users to the pub- 
lic switched telephone network 20. 

Each satellite performs internal switching 
among its four beams or cells. This is analogous to 
intraoffice switching for conventional telecommuni- 
cation systems, 

The up/down linking arrangement between the 
satellites and its mobile usei^ or gateways via the 



beams may transmit and receive data in the range 
of approximately 2.1 to 3.9 GHz, for example. The 
present technology and band availability makes 
*is a prefenred data transmission range. However, 

5 the scope of the present invwtion is not limited to 
data transmission exclusively within this range. 

As previously mentioned, the data (digits voice 
CH- data) is transmitted in packet form. As a result, 
high-speed data fransmission as well as voice data 

10 transmission may be accomplished via the satellite 
system. Data transmission rates, given the present 
available bandwidths, are a least 1200 baud. How- 
ever, with extended bandwidth, substantially higher 
data rates can be achieved by this system. 

15 FIG. 4 depicts one satellite switehing unit IW) 
directly connected to mobile users 120 via beam 
102. Satellite 100 is connected to data base com- 
puter 110 via beam 104. Satellite 100 is aiso con- 
nected to data base computer 130 \ria beam 106. 

20 This connection may be direct via a bemn 106 as 
shown in FIG. 4 or indirect through other satellites 
to data base computer 130. 

A mobile user might "roam" or travel in a 
home area. The home area may be a dty. such as 

25 New York, Los Angeles, etc. The data base aim- 
puter 110 contains all the information relative to 
each of its mobile users. As long as a palicuiar 
mobile user is operating within his home area, ail 
the avatlabte irvfbrmafion corK^rnlng that user Is 

30 available at the local home area data base com- 
puter. 

If, for example, a home area user in Los 
Angeles travels to Nbw York City and attempts to 
use his satellite cellular telephone for communica- 

35 tion, the data base computer in the user's new 
area, New York City, is not aware of the existence 
of that user. If data base computer 110 is the 
mobile user's home area, Los Angeles, data base 
ccnnputer 110 has all the information for this par- 

40 ticular mobile user. As a result, the mobile user 
would not be allowed to place calls because he 
was not recognized by his home area's data base 
computer. 

In order to overcome this problem, each mobile 
45 user is periodically Interrogated by the system as 
to its location so when he goes off-hook, his c^i for 
service can be recognized and routed. However, 
sines the data base of a particular user is stored in 
his home area data base computer via the satellite 
50 system, the satellite system first interrogates the 
home area to determine that he is no longer there 
and to obtain the user's switching information. 
When that determination is made, the new home 
area's data base computer can be updated to in- 
55 elude this "roaming" user. As a resuit. this user is 
then allowed to originate and receive calls in his 
new area. Because the satellite system interrogates 
the user's hc»ine data base computer to determine 



his location, the asm can be found throughout the 
entire safeiiite system. Thus, the system provides 
tiie capability for finding "roaming" users emd es- 
tablishing communications with them. 

To facilitate tracking of each mobile user, eac* 
mobile telephone proi^des a control signal which is 
pericKjically monitored so that when a subscriber 
originates a call, the nearest satellite csn tracl< him 
and through the satellite network inteffogate his 
honfje data base cwnputer to determine his per- 
tinent customer infomDatlon. The molrtle telephorte 
may automaticaiiy indicate to the satellite network a 
new location for updaSng the data base computer. 
This contnsi signal allows the incoming calls of 
"roaming" users to be vafidated via satellite-to- 
satdlite linking to ti\e home area's data base com- 
puter. 

Each sateltite in the satellite cellular commu- 
nication system is self-navigating. That is, it uses 
the Global Positioning SateiHte system (QPS) or 
time and ephemeris data from whidi to compute its 
locafjors information. In addition, from the fixed lo- 
cation of the eiobai Positioning Satellite system csr 
other vehicle, each satellite can determine its posi- 
tion and aiter its course accordingly to stay within 
its proper orl3it while providing switching services. 

Each satellite may switch a call intrasatellite 
(within the particular switciiing unit or cell) or may 
connect the call via a microwave or lasar links (Ittik 
i, i + 1, etc.) to another satellite within its plane or 
out of plane (adjacent). Each satellite may distin- 
guish a particular telephone number and detemiine 
whether that number is within its cmn calling area 
or the area of another satellite. If it is within the 
area of another satellite, the call is cross-linked 10 
the next appropriate satellite or eel! which m^es 
the same dBtermination until the satellite serving 
that telephone number is reached. That satellite 
down-links to the particular mobile user sought to 
be called. Due to this structure, the satellite net- 
work provides a distributed nodal switching capabil- 
ity. Each satellite is a local switch for a particular 
area, but the area is constantly changing. There- 
fore, calls are handed-off as satellites move out of 
the range of a particular telephone user. 

Various multiplexing techniques (i.e. FDMA, 
TDM CDMA, etc.) may be used to enhance the 
transmission capability between various satellites 
on the links as shown in FIG. 2. 

Since the switching units of this system are 
orbi^ng the earth and relatively secure from tam- 
pering, this system provides the capability to sup- 
port secure voice and data transmission via data 
encryption and decryption techniques commonly 
known in the art. Since the switching units enjoy 
the security of being hundreds of mites above the 
ealh, the system also lends itself to military am- 
mut«catlon applications. 



Although the current preferred embodiment of 
the invention has been illustrated, and that form 
described in detail, it will be readily apparent to 
those skilled In the art that various modifications 
5 may be made therein without departing from the 
spirit of the invention or from the scope of the 
appended clams. 

10 Claims 

1 . A satelBte cellular communication system for 
establishing communication among a plurality of 
users comprising: 

J5 satellite switching means (1.2, etc.) positioned in 
low- earth orbit; and 

link means (i) for coupling said users to said sat- 
ellite switching means whereby a communication 
link is established between selected ones of said 
so- users via said satellite switching means. 

2. A satellite cellular communication system as 
tiaimed in claim 1. said satellite switctiing means 
including: 

a plurality of satellite switching unit means (40-60 
2S etc.) positioned sunrcHjnding the earth In tow-earth 
orbit; and 

second fink means G) for permitHng multi-drec- 
tional oc«Ttmunication between one satellite switch- 
ing unit means and any adjacent satellite switching 
30 unit means. 

3. A satellite cellular communlcaaon system as 
claimed in claim 2, said second link means Includ- 
ing microwave communication means. 

4. A satellite celluia- communication system as 
55 claimed in clam 2. said second link means includ- 
ing laser oommunicafion means. 

5. A satelHts cellular communication system as 
claimed in claim 2, said sateflite switching unit 
means Including: 

40 antenna means (11) coupled to said plurality of 
users for establishing communication between said 
users and satellHe switching unit means; 
solar cell meais (12) for providing power for said 
satellite switching unit means; and 

4B Storage battery means connected to said solar cell 
means for storing said power. 

6. A satellite cellular communication system as 
claimed in claim 1. said satellite switching means 
including a plurality of cell means coupled to one 

50 anotiier, one said cell means operating to hand-off 
said established communication link between users 
to another one of said cell means. 

7. A satetiif© cellular commurtcation system as 
claimed In claim 1, wherein each of said users is 

S5 connected to said link means by cellular telephone 
means (A,B)- 

8. A satellite celMar communicafion system few 
establishing canmunication among a plurality of 
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users comprising: 

satellite switching means (1,2, etc.) positioned in 
low-eartli orbit; 

link means (i) for directly coupitng certain ones of 
said users to said satellite switching means; and 
pubiic switched telephone networl< means (10,20) 
coupled to said satellite switching means via said 
link means, other ones of said users being con- 
nected to said public switched telephone network 
means, said public switched telephone network 
means operating to selectively connect users of 
said public switched telephone network means with 
users directly coupled to said satellite switching 
means via said link means. 

9. A satellite cellular communication system as 
claimed in claim 8, wherein there is further in- 
cluded means for connecting (10) said link means 
to said pubiic switched telephone network means, 
said means for connecting providing gateway fa- 
cility services between said satellite switching 
means and said public switched telephone network 
means. 

10. A satellite cellular communication system 
for establishing communication among a plurality of 
users comprising; 

satellite switching means (1,2, etc.) positioned in 
iow-earth orbit; 

link means (j) for coupling said users to said sat- 
ellite switching means whereby a communication 
link is established between selected ones of s^d 
users via said satellite switching means; and 
data base means (110-130) coupled to said satellite 
switching means via said link means, said data 
base means for storing and transmitting switching 
information describing each of said plurality of us- 
ers. 

11. A satellite cellular communication system 
for establishing communication among a plurality of 
users comprising: 

satellite switching means (1,2, etc.) positioned in 
low earth orbit; 

link means (j) for coupling said users to said sat- 
ellite switching means whereby a communication 
link is established between selected ones of said 
users via said satellite switching means; 
cellular telephone means {A,B) having a control 
signal for connecting each of said users to said 
satellite switching means via said link means; 
data base means (110-130) coupled to said satellite 
switching means via said link means, said data 
base means for storing and transmitting switching 
information describing each of said plurality of us- 
ers; and said satellite switching means operating in 
response to said control signal of each of said 
user's cellular telephone means to update said data 
base means with a present location of each user. 

12. A satellite cellular communication system 
for establishing ccsnniunicaticwi amcMig a plurality of 



users comprising; 

satellite switching means (1,2, etc.) positioned in 
oriDit about the earth; and 

fink means 0) for coupling said users to said sat- 
6 ellite switching means whereby a communication 
link is established between selected ones of said 
users via ssJd satellite switching means. 
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